Introduction
As electronic equipment becomes smaller and more advanced, it necessitates higher circuit integration per unit area, which in turn contributes to a rapid increase of heat generation [1] .
Thus, the effective removal of heat dissipations and the maintaining the chip at a safe operating temperature have played an important role in ensuring a reliable operation of electronic components [1] . There are many methods in electronics cooling, such as jet impingement cooling and heat pipe [2] . Conventional cooling electronics normally used impinging jet with heat sink showing superiority in terms of unit price, weight and reliability. Therefore, the most common way to enhance the air-cooling is through the utilization of impingement air jet on a mini or microchannel heat sink. In order to design an effective heat sink, some criterions such as thermal resistance, a low pressure drop and a simple structure should be considered. In this work, a thermal design and evaluation method for heat sink is presented. The thermal hydraulic performances of the proposed heat sink are examined numerically using the finite differences method. In order to obtain generalized performance indicators that can be used to analyze plate-fin heat sink performances.
Literature review
When the literature is surveyed, a number of scholars have examined the air jet impingement on heat sink geometry. Hilbert et al. [3] reported a novel laminar flow heat sink with two sets of triangular or trapezoidal shaped fins on two inclined faces or a base. This design is efficient because the downward flow increases the air speed near the base of the fins where their temperatures are the highest. By having the cool air enter at the center of the heat sink and exit at the sides, the length of the fins in the flow direction is reduced so that heat transfer coefficient is increased. Jang and Kim [4] conducted an experimental study of a plate fin heat sink subject to an impinging air jet. The geometry of a heat sink in impingement flow is similar to that shown in Fig. 1 . In this flow arrangement the air enters at the top and exits by the sides. Based on experimental results, a correlation for pressure drop and a correlation for its thermal resistance are suggested. They showed that cooling performance of an optimized microchannel heat sink subject to an impinging jet is enhanced by about 21% compared to that of the optimized microchannel heat sink with a parallel flow. [5] developed a onedimensional thermal resistance model of impingement air cooled plate fin heat sinks to understand how the heat sink performance depends on different geometry variables. This simple model provides only an order of magnitude estimate of the thermal resistance. At a given pumping power, increasing the number of inlet/outlet channels requires an increase in the volume flow rate, but permits higher flow velocity, provides lower thermal resistance. Holahan et al. [6] correlations. Copland [7] performed theoretical, experimental, and numerical analyses on a manifold microchannel heat sink with multiple top inlets alternated with top outlets. Duan and Muzychka [8] performed the experimental investigation of the thermal performance with four heat sinks of various impingement inlet widths, fin spacing, fin heights and airflow velocities.
They developed a heat transfer model to predict thermal performance of impingement air cooled plate fin heat sinks for design purposes. Sathe and Sammakia [9] have presented a study of a new and unique highperformance air-cooled impingement heat sink.
The comparisons between numerical simulations an experimental data of the heat sink performance have been conducted. The effects of the fin thickness, inter-fin gap, nozzle width, and fin shape on heat transfer and pressure drop have been studied. The study showed that the pressure drop can be decreased by cutting the fins in the central impingement zone without sacrificing heat transfer rates. Shah et al. [10] demonstrated the results of a numerical analysis of the performance of an impingement heat sink designed for use with a specific blower as a single unit. The effects of the shape of heat sink fins, particularly near the center of the heat sink were examined. It is found that removal of fin material from the central region of the heat sink enhances thermal as well as the hydraulic performance of the sink. Shah et al. [11] studied extends of the previous work by investigating the effect of removal of a fin material from the end fins, the total number of fins, and the reduction in size of the hub fan. The reduction in size of the hub of the fan is found to be a more uniform distribution of air inside the heat sink, particularly near the center of the module.
In general, there are many testing processes for heat sinks which must be introduced in an effort to obtain the thermal and hydraulic performance of heat sinks.
If we take advantage of the numerical simulation to obtain some probable optimal design parameters before running experiments, the cost and research time can be reduced. In this paper, the numerical simulation of platefin heat sinks with confined impingement cooling in thermal-fluid characteristics will be investigated. The objective of this study is focused on the impingement flow plate fin geometry. The research objectives are to develop a simple model for predicting thermal and hydraulic performances of plate fin heat sink for impingement air cooling.
Physical and mathematical model

Physical model
Physical model of this study is illustrated in Fig. 1 . In the configuration shown above, a heat sink with rectangular minichannels with hydraulic diameter D = 0.0029 m is heated from the bottom with the power h (Q) generated by the CPU, which is absorbed by the sink and released to the atmosphere through the fins topped by an axial fan that blows air in impingement flow to dissipate heat in the atmosphere with a constant flow rate V (m /s). The dimensions of the heat sink considered in this work are listed in Table 1 . Only a quarter of the heat sink was included in the computational domain, in view of the symmetry conditions. 
Mathematical model
The governing equations of continuity, momentum and energy are solved numerically using finitedifference scheme with boundary conditions as follows. The velocity is zero on all wall boundaries, and as flow is assumed to be hydrodynamically developed [14] .
(1) Continuity equation 
The assumption of constant physical properties for the solid and the air allows decoupling the hydrodynamic equations of heat equations. Thus, solving the energy equation may be conducted after the convergence of computing hydrodynamics. In addition, the energy equation is linear; it converges faster than the Navier-Stokes. The equations were solved using a C++ developed code. The developed code is based upon the finite differences approach. The discretized equations are solved iteratively using the Gauss-Seidel method. Harmonic means are used to resolve differences between materials of different properties.
The Reynolds number of the impingement jet is defined as
The average convection heat transfer coefficient h is calculated by ( )
The average Nusselt number Nu is calculated by
For very small distances from the rectangular duct inlet, the effect of curvature on the boundary layer development is negligible. Thus, it should approach the classical isothermal flat plate solution for developing flow in the entrance region of rectangular ducts ( This enables to set properties in the solid and the fluid regions appropriately and solve the conjugate conduction convection problem [15] .
The iterations were terminated when the residuals for the continuity, momentum equations were 1% of the characteristic flow rate and were 0.1% for the energy. 
Results and discussion
The model is validated with the numerical results taken on the studied heat sink with the operating parameters listed in Table 2 . (Figs. 4 and 5) turn out that the pressure drops lie in the range of 5-62 Pa which is not so large. This is an advantage that improves heat transfer with less energy pumping. Fig. 6 shows the average velocity field in the channel of heat sink. The results show clearly that the velocity slows down by going to the base until a breakpoint in the center. This velocity is increasing rapidly in the direction of the exit channel and reaches higher values than those at the entrance. This is the boundary layer phenomenon.
From Fig. 7 , it is seen that the heat dissipation may be enhanced by increasing the cooling velocity. The results of the temperature profile, Figs. 8, 9 and 10 show a peak (T max ) at the heat source, which is obvious but also high temperature gradient in the center of the sink where it should be a low airflow following. The temperature gradient source-air is about 19°C, so the thermal resistance R th is calculated from Eq. (10) Present study
Computational study [18] Duan & Muzychka [14] In addition, heat is dissipated in both longitudinal and transverse directions, where it appears that the length of the fin beyond a limit of 38 mm does not contribute to temperature decrease and so can be reduced. But, according to the width, temperature can be dissipated by further wide.
Conclusion
In this research work, thermal and hydraulic characterizations have been carried out on a parallel plate heat sink considering real operating parameters using the developed code. The results show that impingement air flow on minichannel heat sink appears to have advantages for heat transfer. The thermal and hydrodynamic performances computed by the developed code show that the chip delivers up to 80 W it is adequately cooled by the studied heat sink as recommended by the Intel manufacturer. The effect of Reynolds number on the convective heat transfer coefficient is examined. The results also show that there is potential for optimizing the geometric design. This study will benefit the designers involved in electronic cooling. It can be used to select or design heat sink for effective thermal management in electronic assemblies. The results obtained in numerical experiments have been compared with the literature results and found to be in a good agreement.
